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 Forces 
Teaching Ideas with a Representational Focus 
Written by Peter Hubber, Deakin University 
These teaching notes were generated from an Australian Research Council (ARC) 
research project titled ‘The Role of Representation in Learning Science’ in which 
the topic of Forces was taught to Year 7 students. A description of several of the 
activities that were undertaken is given as well as examples of students’ work. 
 
Forces Concepts & Alternative Conceptions 
Key concepts of forces 
 A force is just a push or a pull of one object onto another. Forces result from an interaction 
between two objects. 
 A force is an action on an object (called the receiver), by another object (called the doer). It is not a 
property of the object like mass or speed is.  
 The action of the force on an object may create one or more of the following effects: 
1. Change its shape (push in some plasticine). 
2. Begin to move (throw a ball). 
3. Speed up (shoot an arrow from a stretched bow). 
4. Slow down or stop moving (catch a ball). 
5. Change the direction in which it is moving (hit a tennis ball). 
6. Balance the effect of another force acting on the same object (for example, holding a ball: the 
push up on the ball balances the gravitational force).  
 The same amount of force applied to different objects can create different effects. The same action 
on different object may create different effects. For example, throwing a tennis ball will have a 
different effect on the ball than throwing a shot put. 
 Forces always come in pairs and involve two objects. One object applies a force on another object 
and, in return, the other object applies an equal and opposite force on the first object. Both objects 
are doers and receivers. 
 Forces can be contact forces involving objects that physically touch. There are different types of 
contact forces: for example, tension, compression, friction and normal (or support). 
o Tension forces tend to stretch objects. 
o Compression forces tend to squash objects 
o Friction forces tend to slow objects down or hold them in place. 
o Normal, or support, forces tend to hold objects. 
 Forces can be field forces where the interacting objects don’t touch. These forces act over a 
distance. There are different types of field forces: for example, gravitational forces, electrical forces 
and magnetic forces. 
 Multiple forces on an object add to produce a net force but the addition must take into account 
direction. Forces can cancel each other. The net force determines the effect on the object. 
1. An object with a zero net force on it is either at rest or moving with constant speed.  
2. An object with a non-zero net force will change its motion. This may involve the object 
speeding up, slowing down and/or changing direction.  
 Inertia is a property of all objects with mass and represents the resistance of the object to change its 
motion.  
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 A gravitational force is the pull between two objects that contain mass. The size of the gravitational 
force is related to the mass (how much matter an object has) of the objects (more mass more force) 
and their separation distance (more distance less force). 
 Weight of an object is the scientific name given to the gravitational force on the object.  
Students' Alternative Conceptions of forces 
Research into students' ideas about this topic has identified the following non-scientific ideas about forces. 
The research literature prefers the use of the term alternative conception rather than misconception as it 
recognises the often strongly held view by the student; they feel such views make more sense to them based 
on their prior experiences. 
Mass, weight and gravity 
 A kilogram of iron weighs more than a kilogram of feathers.  
 Weight and mass are the same thing; weight is not considered to be a gravitational force.  
 There must be air for gravity to take effect; therefore, there is no gravity on the Moon, nor is there 
gravity out in space.  
 Earth's magnetism and spin are connected with gravity.  
 Things fall naturally without the need for a gravitational force.  
 Heavier things always fall faster than light things.  
 Gravity only acts on an object when it begins to fall and when falling. Gravity ceases to act when the 
object lands on the ground and becomes stationary.  
 All objects can be moved with equal ease in the absence of gravity.  
Explaining motion - forces 
 Forces are only associated with movement.  
 Forces get things going rather than making things stop.  
 Forces are associated with living things, physical activity and muscular strength.  
 Inanimate objects do not apply forces.  
 Forces keep objects in motion.  
 When an object is moving, there is a force in the direction of its motion.  
 A moving object has a force within it that keeps it going.  
 Force is a property of a single object rather than an action of one object onto another as a result of an 
interaction between two objects.  
 If the pushing force ceases there is a force on the moving object that keeps it moving but which 
gradually gets used up and then the object stops.  
 Friction is only associated with heat.  
 Friction only occurs between solids.  
 If an object is at rest, no forces are acting on the object. Only animate objects can exert a force. Thus, 
if an object is at rest on a table, no forces are acting upon it  
 A force is needed to keep an object moving with a constant speed.  
 Action-reaction forces act on the same object.  
 Inertia is the force that keeps objects in motion.  
 Pressure/momentum is the same as force.  
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Activities with a representational focus 
Elicitation of ideas about forces 
Knowledge of students’ pre-topic ideas about forces can inform the teaching and learning activities that 
follow. 
My current ideas about astronomy questionnaire 
Description: 
To elicit students’ ideas about forces that they bring to the topic administer the following questionnaire (refer 
to Appendix 1): What I currently know about such things as gravity and why things move. 
Classroom example: 
Appendix 2 provides results and analysis of students’ responses to the questionnaire when it was 
administered to a Year 7 class.  
Introduction to the language of forces 
Class discussion – constructing the meaning of force 
Key ideas:  
 Force is an action of one object (doer) onto another object (receiver). 
 Force is a push or pull of one object (doer) onto another (receiver). 
 There are lots of everyday action words that mean force. 
 Forces cause a change in shape of an object.  
Description: 
Discuss with students what they might do if they were given a piece of plasticine to change the shape of it. 
Brainstorm action words (emphasize that you want action words) that might describe what actions might be 
undertaken. For example, squash it, stretch it, twist it, pull on it, push it, tear it, compress it, roll it etc. Create 
a ‘word splash’ on the board. 
Re-represent this list into a table of two columns with the headings push and pull. Discuss with the students 
whether their everyday words can fit into either, or both, of these columns.  
The discussion should lead students to the view that the scientific term force, considered as: A force is a push 
or pull of one object (called the doer) onto another object (called the receiver), can be used to describe the 
actions to change the shape of the plasticine. 
Classroom Example: 
The following word splash was generated by the brainstorm and then re-represented in tabular form. 
 
Word Splash 
Stretch 
Carve 
Twist 
Roll 
Break 
Squeeze 
Mould 
Squish 
Poke  
 
Re-representation 
 
In another class the teacher asked the students to re-represent the brainstormed list into groups 
pertaining to ‘push’ and ‘pull’. Some students perceived some words as belonging to both groups 
and produced a Venn Diagram representation to show this. 
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Plasticine activity – a representational challenge 
Key ideas:  
 Force is an action (push or pull) of one object (doer) onto another object (receiver). 
 There are lots of everyday action words that mean force. 
 Forces cause change in shape, or movement.  
 Forces can be represented in different ways. For example, diagrams with annotations and arrows 
may assist in explaining the action of forces on objects. 
You will need: 
 Plasticine (all the same shape, one piece for each student). 
 
Description: 
Students are each given a piece of plasticine with the task that they have one minute to change the shape of 
the plasticine (students might be restricted to making only 3/4 moves). The students need to keep in mind 
that at the end of the one minute they are to record in their workbooks the steps they took in changing the 
shape of the plasticine – this is the representational challenge. Students might imagine that they are recording 
information for someone else (who hasn’t seen the student doing the actions) to follow to complete exactly 
what they did. 
Before starting the activity discuss with the students what form this record might take – for example, 
numbered list, descriptive comment, diagram, etc. 
In groups or in pairs each student is to explain the steps they took into changing the shape of the plasticine.  
Get students to swap their representations with other students who didn’t see the actual manipulation of the 
plasticine – can they create the same plasticene shape by just using the representation that is given? 
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Classroom Example: 
Here are some examples of students’ representations. 
 
 
 
Class discussion – evaluating the representations 
Key ideas:  
 Forces can be represented in different ways. For example, diagrams with annotations and arrows 
may assist in explaining the action of forces on objects. 
Description: 
Discuss with the students what representations were most useful. Diagrams should be seen as being useful to 
represent the changes that took place. Further still, diagrams with annotations and arrows may be more 
useful. 
The term annotation may be new to the students so will need to be explained. 
Have say 3 or 4 students present their representations on the board for the whole class to critique. 
Classroom example: 
The image of the classroom board opposite shows one of 
the representations that were evaluated by the class. The 
class declared this as the best as it clearly showed how 
the shape could be constructed. 
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Introduction to the arrow representation of forces 
Representational challenge – explaining forces through diagrams and arrows 
Key ideas: 
 Forces can be represented in different ways. For example, diagrams with annotations and arrows 
may assist in explaining the action of forces on objects. 
Description: 
As a representational challenge students might be asked to complete their explanatory task again with just 
the use of diagram and arrows. Discuss the usefulness of these tools using the examples generated by the 
students. 
Classroom example: 
Examples of students generated representations is shown below. The one on the left was done with the whole 
class as an example beforehand. 
 
 
 
 
A Force is an action that produces an effect on the receiver 
Class discussion: Everyday forces – what can the forces do? 
Key ideas: 
 A force is just a push or a pull of the doer onto the receiver. The result of the action of the force 
will be some effect on the receiver. 
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 A force is an action on an object, by another object. It is not a property of the object like mass or 
speed is.  
 The action of the force on the receiver may create one or more of the following effects: 
o Change its shape. 
o Begin to move. 
o Speed up. 
o Slow down or stop moving. 
o Change the direction in which it is moving. 
o Balance the effect of another force acting on the same object.  
 The same amount of force applied to different receivers can create different effects. For example, 
throwing a tennis ball will have a different effect on the ball than throwing a shot put. 
Description: 
Emphasis should be placed on discussing with the students that forces are actions that only arise when two 
objects interact. The object that is applying the action is called the doer and the object that is receiving the 
action is called the receiver.  
For example, returning the ball in tennis. The doer is the racquet, the action is the hit and the receiver is the 
ball. The effect on the ball will be to change its direction. 
Force is the action of one object (doer) onto the other (receiver). The result or effect of an action on an object 
might vary but will be one or more of the following: 
As an example choose the context of playing tennis. 
o Change its shape (racquet hit on the ball changes its shape). 
o Begin to move (serving the ball). 
o Speed up (serving the ball). 
o Slow down or stop moving (ball rolling on the ground). 
o Change the direction in which it is moving (ball is hit in a return of service). 
o Balance the effect of another force acting on the same object (ball in hand ready to serve). 
The statement above might be pasted into the students’ book. They then draw a diagram to match the 
descriptions given in the table below and annotate their diagrams. 
 
 
 
Ball at the point of being hit (racquet – doer) 
will be squashed 
 
 
 
The ball will change direction after being 
hit by the racquet (doer) 
 
 
 
The tennis ball is resting in the hand. The 
hand (doer) push balances out the gravity 
pull. 
 
 
 
A rolling ball stops after a few seconds – 
the ground (doer) slows the ball down in an 
action called friction. 
 
 
 
Tennis serve – speeds up the ball 
 
Students could think of their own examples to match each of the effects.  
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Finding an example for #6 might be hard for students at this stage of the topic – a possible example might be 
two netballers having a tug-of-war over possession of the netball. There are two doers here (two netballers) 
one receiver (netball) and there is a balance - netball doesn’t move. 
Classroom examples: 
The following diagrams show a student’s response to this task. 
 
 
 
Introduce arrow representation of forces 
Discussion: representing forces as arrows 
Key ideas:  
 Forces are pushes or pulls of one object (doer) onto another (receiver);  
 Forces may be represented in diagrams with arrows. 
Description: 
Introduce an arrow representation of actions undertaken on the plasticine in the previous activity. Ask them 
to draw the outline of the plasticine and then represent the action of stretching it with the use of arrows. 
Share the different representations drawn by the students. 
Illustrate each different type of representations on the board. 
The issues to discuss with the students are: 
 Straight arrows or curved arrows. 
 Arrows to show forces versus arrows to show direction. 
 Thick arrows to show strength or longer arrows. 
 The positioning of the arrow on the diagram. 
 One arrow for each doer or many arrows for each doer. 
Now introduce the scientific arrow representation just as the use of a straight arrow. 
 
The students are then to draw up a table and draw arrow diagrams for some of the actions brainstormed in 
the previous activity. They also need to think about the doers for the forces that are applied. In the stretching 
example one doer is the left hand and the other doer is the right hand. For every arrow representation there is 
a doer. 
Stretching the Plasticine 
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For example, 
Action Doers(s) Arrow Diagram 
Rolling the plasticine 
 
Hand; table  
Squashing the plasticine 
 
 
Left hand; right hand 
OR 
Hand; table 
 
Tearing the plasticine Left hand; right hand  
 
 
Classroom examples: 
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The scientific representations of force 
Key ideas:  
 Forces are pushes or pulls of one object (doer) onto another (receiver);  
 Forces may be represented in diagrams with straight arrows. 
 The length of the arrow shows the strength of the force; long arrows show strong forces, short 
arrows show weak forces. 
 There are two types of forces – contact forces where the doer and receiver are touching, and field 
forces where the doer and receiver are apart. 
 To represent contact forces the base of the arrow is at the point of contact. To represent field forces 
the base of the arrow is at the centre of the receiver. 
The scientific convention (these are just teacher notes): 
When the force (action) involves the doer actually touching the receiver the base of the arrow is at the point 
of application of the force. This is logical for the students – if you kick a ball the location of the push is at the 
point where the foot meets the ball. 
 
When the force (action) involves objects not touching, like gravitational forces, then the base of the arrow is 
in the middle of the receiver. This can be understood from the following reasoning. A ball falls to the ground 
because of a gravitational pull - the Earth (the doer) pulls on every bit of the ball (top/bottom/sides/insides) 
so instead of drawing many arrows (left drawing below) we just draw the one at the centre of the object 
(right drawing below). 
 
Often the students use arrows to show the 
effect of the force. This means arrows are used 
to show the action (force) as well as the effect. 
This can create confusing diagrams. One way 
out is to use different types of arrows as well as 
use annotations with the arrows being used. 
See the drawings opposite. 
 
 
 
Another way of distinguishing forces from 
their effects are shown in the representations 
opposite. The students could draw diagrams of 
forces on plasticine again - this time indicating 
the doer(s) and receiver and indicating the 
effect – this doesn’t have to be just shown by 
arrows. For example – twisting the plasticine 
with fingers; squashing the plasticine with 
hands; 
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Representing strong and weak forces 
Key ideas:  
 Forces may be represented in diagrams with straight arrows. 
 The length of the arrow shows the strength of the force; long arrows show strong forces, short 
arrows show weak forces. 
Description: 
Begin by asking the students to draw a representation of plasticene as a rectangle ask them to show a strong 
stretch and a weak stretch. Different representations might be discussed: long/short arrows, single/multiple 
arrows and thick/thin arrows. 
Classroom examples 
These are examples of student generated representations of strong and weak forces. 
 
 
Representing contact forces 
Key ideas:  
 Forces may be represented in diagrams with straight arrows. 
 The length of the arrow shows the strength of the force; long arrows show strong forces, short 
arrows show weak forces. 
 There are two types of forces – contact forces where the doer and receiver are touching, and field 
forces where the doer and receiver are apart. 
 To represent contact forces the base of the arrow is at the point of contact. To represent field forces 
the base of the arrow is at the centre of the receiver. 
Description: 
The following reasoning maybe put to the students. When the force (action) involves the doer actually 
touching the receiver the base of the arrow is at the point of application of the force. This is logical for the 
students – if you kick a ball the location of the push is at the point where the foot meets the ball. 
 
If the doer and receiver are both drawn then 
it is easier to show the force at the point of 
contact. One could also discuss drawing in 
the effect of the ball. See opposite. 
 
 
Student could draw similar representation for other activities. For example, 
 Returning service in a tennis match. 
 Opening a door 
 Turning a door handle 
 
In their drawings they need to show the doer(s) and receiver, the force arrow(s) and the effect. Examples are 
shown below [notice that the effect this time is drawn as a broken arrow] 
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Forces on a bottle cap 
Key ideas:  
 Forces may be represented in diagrams with straight arrows. 
 The length of the arrow shows the strength of the force; long arrows show strong forces, short 
arrows show weak forces. 
 There are two types of forces – contact forces where the doer and receiver are touching, and field 
forces where the doer and receiver are apart. 
 To represent contact forces the base of the arrow is at the point of contact. To represent field forces 
the base of the arrow is at the centre of the receiver. 
Description: 
Student are given a bottle or jar. They are to think about the forces involved in opening the top off the 
bottle/jar and then represent it in a diagram. 
This is a complex problem as there are multiple doers (thumbs and fingers of each hand). They need to show 
the forces as well as the effects. 
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Classroom example: 
The following are student generated representations to show the forces involved in unscrewing a bottle top. 
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Forces in everyday situations 
Key ideas: 
 You could almost list all of the concepts listed in the first section above.  
Description: 
Distribute the photographs of interacting objects. For the nominated object students are to decide what, if 
any, forces are acting on the object. In your discussions with the students they need to specify the doer each 
time. 
Any forces are to be drawn on the pictures by arrows.  
Whilst you are discussing these pictures draw on the results of the pre-test to show the variation in thinking. 
Examples of images that could be used: 
   a         b                   c            
Cat (falling)                               Donkey (stationary)                               Bag (stationary)             
  e    f 
    Baseball (moving)                          The exerciser (stationary)  
Source of images 
a: Cat: retrieved June 16, 2010 ,(c) Can Stock Photo Inc. / iofoto 
b: Donkey: Martin Burrow, Coke donkey, retrieved 16 June 2010, 
http://www.flickr.com/photos/mudmucks/2440667343/ Creative commons attribution- non commercial-
no derivatives license. 
c: Exerciser: retrieved June 5, 2010, (c) Can Stock Photo Inc. / forgiss 
d: Baseball: Jim Danvers, Newark Valley Sports, http://www.flickr.com/photos/jdanvers/4521754139/ 
creative commons attribution licence. 
e: Bag: Deakin University 
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The following discussion might be had with the following pictures: 
The falling cat 
Students would recognize that there is a pull of 
gravity on the cat. Reinforce the view that the 
Earth, as a whole is pulling the cat to the ground. 
This is an example of a field force – the earth and 
cat are not in contact. 
 
 
When the force (action) involves objects not touching – like gravitational forces then the base of the arrow is 
in the middles of the object. This can be understood from the following reasoning. A ball falls to the ground 
because of a gravitational pull - the Earth (the doer) pulls on every bit of the ball (top/bottom/sides/insides) 
so instead of drawing many arrows (left drawing above) we just draw the one at the centre of the object 
(right drawing above). 
Therefore, the force arrow on the cat is drawn from the centre of the cat. 
 The stationary bag 
In this case there are three doers (two hands) and the Earth.  
Ask the students if there is still a gravitational pull on the bag. Show this by an arrow downwards. Show the 
arrows for each hand.  
There are now three arrows. Ask the students if the length 
arrows for each hand should be the same length as the arrow 
for the gravitational pull. [In the 2009 class the students were 
able to reason that the length of the hand pulls would be less 
than the length of the gravitational pull]. The students saw that 
where the bag was stationary then the forces balances 
themselves out. 
Students need to indicate the effect here by an annotation 
 
 
Effect is   no movement 
 
 The baseball 
This should create a lot of discussion as most students from the pre-test will argue that there is still a force 
from the bat on the ball.  
You need to argue that there is a difference between the force (action) and its effect. The force in this case is 
a contact force on the ball. This has the effect of changing the direction of the ball. The big point to not is 
when the doer is no longer in contact with the receiver there is no longer a contact force – the action is no 
longer operating on the ball. However, the effect is still there – the ball is moving still. 
There are two forces acting on the ball. The Earth applies a 
gravity force and the air applies a resistance force.  
Ask the students what the effect of each of these forces will 
be. 
Gravity – ball moves in an arc and falls to the ground 
Air resistance – ball slows down 
Get the students to draw in the effect 
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The exerciser 
Students will readily associate gravity force here. However, they may 
not believe there is a support force from the ball onto the exerciser. 
One piece of evidence for the support force is the compression on the 
ball. The ball is flexing upwards to hold the person steady. 
Ask the students about their responses to the book question in the pre-
topic questionnaire. 
 
The donkey 
Students think about the multiple forces acting and the overall effects. They need to consider the size of the 
arrows drawn so that for the donkey the forces cancel out. 
 
Mass, Weight and Gravity 
Introducing Weight and Gravity 
Key Ideas:  
 Objects made of matter are attracted to each other; the force of attraction is called weight or 
gravitational force.  
 Mass is a property of an object related to how much matter it contains.  
You will need: 
 Large ball (swiss ball or beach ball) 
 Basketball 
 Cuddly toy (for example, a teddy bear who is named astro bear) 
Class discussion – representation of gravity 
Ask the students what they understand by Gravity. What is it? Where does it come from? Is there gravity on 
the Moon? Is there gravity in outer space? 
Refer to their comments made in the pre-topic questionnaire. Give the approximate proportions of the 
different views expressed. For example, in the question “do you think there is any gravity on the Moon?” one 
third of you wrote no, because the moon has no atmosphere, another third said yes, only a little because… 
Are there any students wishing to explain their view any more? 
Introduce the scientific view of gravity as the force of attraction between two objects. Importance here on 
language, instead of gravity we should say gravitational force. This means there is a doer and a receiver. 
The doer is the Earth and the receiver is any other object, containing matter that is near Earth or far away 
from the Earth. Gravitational force is a pull between the two objects (doer and receiver) wherever they are in 
the universe.  
Every object with mass has a gravitational force of attraction with every other object with mass. However, 
the amount of matter in the object will determine the size of the gravitational pull it has on other object. This 
is why the Earth has a strong gravitational pull on you but there is a weak gravitational attraction between 
you and the person sitting next to you. 
Demonstration – representing gravity with astrobear 
Illustrate gravity on Earth with the use of Astro bear and the large ball. 
Imagine the ball represents the Earth, Astro Bear sits on Top – where on Earth would this be? 
If Astro Bear jumps into the air, where will he land? If Astro Bear went to China where would 
this be on the ball? If Astro Bear were to jump into the air in China where would he land? If 
he now travels to Australia and jumps into the air where will he land? 
We know what the terms ‘up’ and ‘down’ mean in this classroom, what do these terms mean in relation to 
Astro Bear and the ball as a representation of the Earth? Gravity is the force, or pull, of one object (doer) 
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onto another (receiver) – we call this weight. Astro Bear has a weight force acting on it because he is pulled 
towards the centre of the Earth by the matter contained in the Earth and in astrobear. 
If the large ball represents the Earth, what do you think the basketball represents? [Moon]. If 
Astro bear travels to the Moon, and jumps in the air, what will happen to him? Why? [Extend 
the idea of weight as the attraction of two objects – the moon is an object so Astro Bear will be 
attracted, which means there is gravity on the Moon, but not as much as on Earth]. Astro Bear 
will have less weight on the moon than he will have on Earth. 
Draw the distinction between Mass and Weight. Mass is related to how much matter, or stuff, and object 
contains. Astro Bear’s mass will not change in going from the Earth to the Moon as bits of him do not 
disappear in going from the one place to another. 
Discussion – what if there was a hole in the Earth from one side to the other? 
Ask the students to imagine what a ball would do if it 
fell in the hole. 
The discussion about an object, like a ball, falling 
through a hole in the centre of the Earth is an 
interesting one. The ball will oscillate about the 
centre before coming to rest at the centre. 
The reason it stops at the centre is not because 
gravity is greatest here – there is no gravitational 
pull on the ball at the centre of the earth. We can 
understand this by the definition of gravity as the 
attraction between two bits of matter.  
 
 
Discussion – black holes 
Students maybe interested to know that if a star is very large (at least three times the size of the sun) that 
after awhile the matter that makes up the star squashes in on itself due to gravitational pulls between 
different part of the star. This can lead to a significant amount of squashing (like the size of Earth being 
squashed to the size of an orange). When this happens a black hole is formed. The gravitational pull is so 
great that light gets attracted. 
Measuring Weight & Mass 
Key ideas:  
 Weight is measured in Newtons and mass is measured in grams or kilograms.  
 On Earth the weight of an object is about 10 times its mass in kg. On the Moon the weight of an 
object is about 1.7 times its mass in kg. 
You will need:  
Force measurers, weighing machines, sets of standards masses – 1 kg, 0.5 kg, 50 g masses. 
Description: 
Introduce the units associated with weight (and force) in terms of Newtons and for mass in terms of grams, 
or kilograms. One can also introduce the symbols used for the quantities (F and M) and the units (N and g or 
kg). 
Students are to construct a table, such as that below, then they are to measure, and record the weight and 
mass of common objects in their classroom (for example, their pencil case). They are also to fill in the table 
for mass and weight if the object were to be measured there. Inform the students that the weight of object on 
the Moon is one sixth that on Earth [they can use their calculators to determine the weight on the Moon]. 
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 Earth Moon 
Object Mass Weight Mass Weight 
Pencil case     
     
     
     
As an investigation get the students to determine a relationship between the Weight and Mass of objects on 
the Earth’s surface. Can the students express the relationship in worded form?  
Can they express it in symbolic form (if W represents how much weight, in Newtons, the object is and M 
represents how much mass, in kilogram, can we write a symbolic rule). This symbolic representation is used 
in mathematics; the rule W = 10 x M is an equation and forms the major branch of mathematics we call 
algebra. It would be interesting if students can understand this as it represents a significant development in 
mathematical thinking - it also provides a good context to introduce algebra to Year 7. 
Incidentally, one’s weight is 2.34 times that on Earth on the surface of Jupiter. You might discuss with the 
students how they might feel if they landed on this planet. 
Discussion about gravity and space 
This discussion can come during astro bear or it might come after the experiment. Most students will believe 
there is no gravitational pull by the Earth on objects once they hit space. Importance is placed in language 
here; instead of asking “is there is gravity in space” one needs to ask “can the gravitational force by Earth 
extend to an object in space?”. The phrase “gravity in space” suggests that gravity is some thing that is 
independent of any object or objects; this is not the case. 
Revisit the students’ responses to the questionnaire – again give the proportions to the different views 
expressed. Does anyone think differently now? 
Present the argument that we can test whether something has a gravitational force on it by the Earth if we can 
see it fall. If something falls then it shows it has a force on it. The space shuttle and the Moon don’t appear to 
fall so it appears at first thought that the moon or space shuttle is not affected by the gravitational force 
applied by the Earth. But they are falling! This big idea is that the Earth’s gravitational pull on objects 
extends very far out in space and includes the Moon, satellites and the Sun (and other planets but because the 
Sun is very much bigger and heavier than the Earth it applies larger forces on the planets than the Earth does 
on the planets). 
Multiple ways to explain why the moon doesn’t fall down? 
Show the students the Youtube video clip 
http://www.youtube.com/watch?v=RsFf9gl6lL8 (retrieved 
June 5, 2010) 
Which shows an astronomer explaining why the moon 
doesn’t fall down.  
Also get the students to redraw Q13 on questionnaire 
again for the different scenarios of no Earth present, 
slow asteroid, fast asteroid and right speed for orbit 
asteroid.  
Demonstrate with apparatus shown opposite. The only 
way the object can maintain orbit is to pull on the 
string – this pulls the object to the centre of the tube 
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Adding Forces and the Support (Contact) Force 
The support (contact) force 
Key ideas: 
 Inanimate objects, like tables, can apply a force 
Description: 
Refer the students to their responses to the book question in the pre-topic questionnaire. Discuss the different 
viewpoints. 
Begin by discussing the forces when holding a book – the hands push up and balance out the gravity force. If 
the book was placed on some balloons the balloons would squash a little flexing upwards to support the 
book. If the book was placed on a thin plank the plank would flex pushing up to support the book. In all 
these cases when drawing a diagram we will have a arrow up (from the doer that supports the receiver) and 
an arrow down to indicate the gravitational force. 
The key point is that whilst humans can apply forces, objects can also like springs, rubber bands and even 
tables. 
We can see what happens at the surface of the table to see how it flexes a little to show the force up. 
Give this as a representational challenge 
to the students – don’t pre-empt what they 
are expected to draw in terms of particles 
– get them to imagine what to happening 
to the table to show evidence that it is 
pushing up on the book. 
 
Classroom examples: 
 
 
Particles are being pushed 
[this student uses curved arrows to show the effect 
on the table] 
 
Teacher Notes: 
Any supporting surface (lie a table, floor, chair) pushes upwards, providing a force which opposes the 
gravitational force. We call this force the ‘support force’, or the ‘push from the surface’. Resting objects do 
not move because they have a zero net force, there is an opposing force that balances out the weight force. 
The key point to make to the students is that the support force often can’t be seen – one can’t actually see 
evidence of the push from a table say. When holding an object the person is physically pushing on it to hold 
it steady – the person can feel the muscles pushing on the object, particularly if it is heavy. Students can 
readily understand, and experience this support force. For the table example, they need to imagine that the 
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particles in the table get squashed and act like a spring. Students can then imagine that the tiny spring effects 
contribute to the overall support force from the table. 
Part of their bookwork will involve drawing representations of the surface to explain the support forces. 
Present the students with a series of pictures where the object is stationary. Students are to draw in the forces 
acting on the ball – consideration needs to be given to the relative sizes of the forces, which is indicated by 
the length of the arrow representation. One might discuss with the students how we can distinguish strong 
and weak forces through the symbolic representation of the arrows. 
The constants in each of the diagrams are that 
the ball is stationary and has the same weight 
force. 
In which examples do the forces cancel?  
Discuss the plausibility that where the object is 
stationary the forces need to cancel. If this is 
the case, then how can we understand that the 
table is pushing up on the ball? 
Imagine what is going on microscopically at 
the surface of the table. 
 
 
 
 
Adding Forces 
Key Ideas:  
 Forces can add or cancel. Stationary objects have forces that cancel. 
What you need: 
 Large cardboard box (one that might have contained a TV). 
 Shoe box and rubber bands. 
 Skateboard 
 Physio stretching band 
Description: 
Discussion of pre-test ideas 
Discuss with students the effect of multiple forces on an object, such as those given in the pre-test about the 
children pushing their little brother around the room. Feedback to the class the results from the questionnaire 
– invite those students who got the correct answer to provide their reasons. 
Demonstration 
A useful, 1 dimensional demonstration might be to have a student on a skateboard holding some physio-tape 
and the teacher holding the other end. Students see that to get the student and skateboard to move one needs 
to stretch the tape. Try out different scenarios where 2 people pull on skateboard student. Show where the 
forces will cancel. 
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In addition, students might act out the scenes in the diagram using the large TV box. Get the students to 
predict the outcome when forces are applied in different directions. Alternatively, students might use the 
show box, which has rubber bands attached at different points on the outside of the box. Students then act out 
the scenes in the diagram below by dragging the box (fill with objects) along the desk via the rubber bands. 
Students need to ensure that the stretch length of each of the rubber bands is the same. This means that the 
strength of the forces remains the same. 
Match each situation with the symbolic representation. What are the consequences for the object where 
forces add? Where they cancel? 
 
Measuring Forces and Investigating Friction 
Constructing a Force Measurer 
Key ideas: 
 Force has units of Newton (N). 
You will need: 
 a spring balance 
 rubber bands or a spring 
 standard masses 
 a pencil case 
 a book 
 several rolls of sticky tape of different brands. 
Description: 
Use a force measurer to measure the force needed to apply various forces. Force measurers are devices that 
involve a spring that stretches when a force is applied (the scale used is in Newton). 
Force measurers can be made using rubber bands or springs, and spring balances. 
Spring balances give a measure of the mass of an object, usually in grams. To convert the spring balance 
reading from a mass reading to a force reading, use the conversion factor 100 g = 1 N. For example, if the 
spring balance reads 250 g, this represents a force of 2.50 N. 
To make a force measurer out of a rubber band or spring, it needs to be calibrated (that is, to know how 
much stretch the rubber band has for a range of forces). This is obtained through hanging standard masses on 
the rubber band/spring and calculating the length of the extension. It is important not to use masses that 
overstretch the rubber band or spring as it will no longer give consistent readings when stretched with similar 
forces. The masses, in grams, need to be converted into forces in Newton using the conversion factor 100 g = 
1 N. Place your mass values, force conversions and extension readings in a table like that shown below. 
Students construct a graph and then use it to measure forces to undertake various tasks. 
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Alternatively, the students make up a scale to be pasted onto some cardboard that they attach to the spring. 
The scale reads Newton when the spring is stretched. In this way the students don’t need to refer to the 
graph. 
Classroom examples: 
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Investigating Friction 
Introduce Friction as a force that tends to slow an object down or hold it in place. Friction needs to be 
discussed from two perspectives: 
Key Ideas: 
 Where objects move through the air or a fluid - friction as air resistance or water resistance; 
and 
 Where object surfaces are in contact – giving static and moving friction. 
Description: 
Demonstration of air resistance 
Revisit the pre-topic questionnaire question about falling pieces of paper. Discuss with the students their 
reasons. Conduct a POE (Predict Observe Explain) strategy. Get the students to predict which will hit the 
floor first, get them to give their reasoning in their predictions. From there proceed through the Observe and 
Explain stages. Get students to draw force diagrams (with annotations) for the scrunched up paper and flat 
paper for their notes. 
Demonstration and discussion of surface friction 
Demonstrate with a book on an incline, first showing how friction can hold the book in place, and then show 
how it slides when the incline is greater. Compare the effects with a trolley, which has less friction.  
Friction between two surfaces rubbing against each other may be imagined, on a magnified scale, like two 
hair brushes connected as shown. Pulling the brushes apart shows how each brush tends to pull on the other 
as the bristles are intertwined. 
 
From this representation ask the children to predict if the frictional effect is going to be greater for rough 
surfaces than smoother surfaces, or surfaces that have larger areas of contact that those surfaces of less area. 
Students can test their predictions through undertaking the activity described below Measuring Friction 
Forces. 
This activity highlights the difference between static and sliding friction. Could the difference be explained 
from the hair brush representation? 
Friction Investigation  
Students are to investigate one or more of the following questions [the object that the student uses could be 
their choosing, for example a sports shoe]: 
 How does the size of the maximum static frictional forces (this is equivalent to the maximum stretch 
in the force measurer to begin the object moving) depend on the mass of the object? 
 How does the maximum static friction on the object compare with the sliding friction force? 
 How does the sliding friction force vary with the mass of the object? 
 Does the sliding friction depend on the speed of the object? (Ensure that the object is pulled along 
with a steady speed each time.) 
 
 
 
 Does the area of surface contact affect the size of: 
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o the maximum static friction force 
o the sliding friction force? 
 Investigate the size of the friction forces on different surfaces, for example, carpet, vinyl, grass, dirt, 
etc. 
Students are to write up a report that specifies their research question, methodology, results, conclusion and 
explanation. Encourage the students to represent in multiple ways. For example, in the method draw an 
annotated diagram. 
Classroom examples 
The student drew what they imagined what the 
surface was like to explain the friction force on 
the sliding object. 
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Appendix 1  
What I currently know about such things as gravity and why things move. 
Choose the correct answers to these questions: 
1. A small girl, Wendy, holds a heavy book very still. If Wendy lets go of the book it will 
fall to the ground because gravity pulls on the book.  
 
When Wendy is holding the book the size of the gravitational pull on the book is: 
A. less than the amount of push Wendy is giving to the book. 
B. equal to the amount of push Wendy is giving to the book. 
C. is more than the amount of push Wendy is giving to the book 
D. zero. There is no gravitational pull as Wendy is holding the book still. 
 
2. Wendy gets tired of holding the book so she places it onto a table. When the book is resting on the 
table, the table: 
A. pushes up on the book with a smaller amount than Wendy did when she was holding the book. 
B. pushes up on the book with the same amount than Wendy did when she was holding the book. 
C. pushes up on the book with a greater amount than Wendy did when she was holding the book. 
D. doesn’t push up on the book at all, it’s just in the way of the book, stopping it from falling. 
 
3. Jake picks up two identical sheets of A4 paper and 
scrunches one of the A4 sheets into a ball. He then stands on 
a table and drops both pieces of paper at the same time. The 
pieces fall to the floor. The pieces of paper start their fall 
like that shown in the diagram opposite (they are labelled A 
and B).  
Which sheet hits the ground first? 
 
A. sheet A hits the ground first because it is scrunched up and it now heavier than sheet B. 
B. sheet A and B hit the ground together because gravity affects both sheets the same. 
C. sheet A hits the ground first because the air pushes on sheet B more than sheet A. 
D. sheet B hits the ground first because the air pushed on sheet A more than sheet B. 
 
4. Helen throws a tennis ball directly up into the air so that she is able to catch the ball again without 
having to move.  
      When the ball is at the highest point in the air: 
A. the ball is stopped momentarily so there is no gravity acting on the ball. 
B. the ball is moving slowly but doesn’t actually stop. The gravity on the ball is less than when the ball 
is falling towards Helen’s hands. 
C. the ball is stopped momentarily and has the same amount of gravity acting on the ball as when it is 
moving up and down. 
D. the ball is moving slowly but doesn’t actually stop. The ball has the same amount of gravity acting 
on the ball as when it is moving up and down. 
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5.  In the picture, the ball is flying away from the baseball bat after 
being hit. As the ball leaves the bat gravity acts on it so after a few 
seconds it finally hits the ground.  
 
Some of the other pushes on the ball after it leaves the bat are: 
A.  the push from the bat only. 
B.  the push from the air only. 
C.  the push from the bat as well as the air. 
D.  there is only a gravity pull on the ball. 
 
6.   Joanne is playing with her little brother Tom. She gets Tom to 
climb into a large cardboard box and pushes him around the 
living room. This is shown in the diagram opposite. 
 
Joanne finds that it is much easier to slide Tom on the polished 
wooden floor than on the carpeted floor. 
Explain, in the space below, why it is easier to slide the box on the wooden floor than the carpeted floor. In 
your explanation draw a super magnified view of both surfaces to assist your explanation. 
 
7.  Big brother Ted now helps Joanne push little brother 
Tom around the room. The view from above is shown in 
the diagram opposite. Tom pushes on a different side to 
Joanne.  
 
If the size of Ted’s push is the same as Joanne’s push, on 
the diagram draw in the direction that the box will move. 
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8. Another sister, Alice, comes along and also pushes on 
the box. However, the box does not move even through all 
three children are pushing on the box.  
In the diagram opposite  
i. draw in the position that Alice should take to keep the 
box stationary.  
ii. Also draw in the direction that Alice should push. 
To keep the box stationary the size of Alice’s push should 
be 
A.  the same amount as Joanne and Ted. 
B.  more than what Alice or Ted pushes. 
C.  less than what Alice or Ted pushes. 
 
9. Sir Isaac Newton was one of the first scientists to think about gravity. What do you think gravity is? 
a 
10. Do you think there is any gravity on the Moon? Explain why. 
b 
 
11. Do you think there is any gravity out in space? Explain why. 
c 
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12. If things like apples fall to the ground then why do you think the moon doesn’t also fall to 
the ground? Explain why. 
a b 
 
 
13. Imagine an asteroid (large rock in space) flying towards the 
Earth as shown in the diagram below. The dotted line shows the 
path of the asteroid if the Earth wasn’t there.  
 
Draw in one possible path the asteroid might follow and 
explain your answer. 
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Appendix 2 
Analysis of Pre-Topic Questionnaire (Year 7 class) 
Multiple choice questions response data 
The data highlighted refers to the scientifically accepted response. 
# A B C D 
1 5% 62% 24% 10% 
2  33% 10% 57% 
3 10% 5%  81% 5% 
4 10% 29% 24%  38% 
5 24%  71% 5% 
8 48% 48% 5%  
 
Comments about multiple choice responses: 
Question 1  
The majority (13/21) got this question correct. Six of the students recognized that Wendy does push on the 
book, although don’t believe that Wendy’s push is equal to the gravitational pull. Another two students don’t 
recognize objects that are still as having a gravitational pull being applied. 
Alternative Conceptions revealed: 
 Stationary objects don’t need to have multiple forces that cancel each other out (6/21). 
 Stationary objects don’t have a gravitational pull (2/21). 
Given that 19/21 students believe that the hand can push on an object this then represents a starting point for 
discussion about the existence and size of support forces (particularly from inanimate objects like tables – 
see Q2). 
Question 2  
Few students got this correct (7/21). Most (12/21) believe that support forces from inanimate object don’t 
exist. Therefore, following on from the comment above, the teaching about support forces needs to come 
from a recognition that forces from the hand are similar to those from the table – particularly where an object 
is being held stationary in both circumstances. Also, bridging analogies also help. For example, the book 
resting on springs – students gets to observe that the springs compress giving evidence that the springs are 
pushing up. We can also place the book on a plank that obviously bends – the bend is evidence that the plank 
is pushing up on the book. We can then imagine that the actual table bends a little to support the book – on a 
microscopic scale ask the students what this might look like. 
Alternative Conceptions revealed: 
 Inanimate objects like desks don’t apply forces, they are just in the way of objects resting on them 
(21/21). 
 Stationary objects don’t have forces that cancel (2/21) 
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Question 3  
Most students got this correct (17/21) – they recognize that the air has a greater effect on a falling object if it 
has a greater surface area. Just like the advice in Q2 students might imagine the particles in the air getting in 
the way of the falling object so that the particles give little pushes on the paper, which combine to produce an 
overall slowing force we call air friction or air resistance. The teaching of this could occur at the time 
when friction is introduced.  
There is a small number (2/21) believe that the mass of the paper increases when it is screwed up – a 
common misconception among junior students. This could to be discussed, and demonstrated, with the 
students – test it out by use of an electronic balance – show the students that by scrunching the paper its mass 
does not change. Its weight doesn’t change either. For the different sheets of paper get the students to draw 
force diagrams to explain why the scrunched up paper has a larger overall downward force and thus will fall 
more quickly. However, this demonstration might only be for the benefit of changing just 2/21 students’ 
minds. 
Another analogy to explain air resistance and the different effect on the paper is to draw an analogy with 
water friction. Students recognize that when diving into a pool that the diver slows more quickly with a 
‘belly wacker’ than by diving head first. 
A good discussion about aerodynamics can be had with the students. Discuss car/plane/bicycle design to 
limit the effects of wind resistance. 
Some key concepts would include: 
 The size of the (air) friction force or air resistance force depends on: 
o the surface area of the moving object; and 
o its speed 
 The effect of the air resistance force is to slow down an object moving in the air. 
Alternative Conceptions revealed: 
 Changing the shape of an object changes its mass (2/21) 
Question 4  
Only 5/21 students got this question correct. 2/21 students had a common misconception is that gravity 
doesn’t exist if the ball is stationary – the belief is that gravity is associated with the effect (falling) and if the 
object is not falling then gravity is not involved. In teaching about this one needs to separate the action 
(which is the force) from its effect. If you hold a ball and let it go it is initially stationary (like the ball in the 
air) gravitational force when applied then has the effect of making the ball move. 
Students need to recognize that the ball actually does stop if thrown directly up into the air. The key 
discussion here is that one the way up the gravitational pull slows the ball down until stopped. The pull then 
makes the ball move again to speed it up. You could put the argument that if an object is stationary and 
nothing is done to it (like a force) then it should stay put. Therefore, if the ball at the top of its path has no 
gravity on it, it should therefore stay put! Gravity can’t turn on and off like a light switch. 
Out of this example students get to confirm the view that forces can create different effects – slow/speed 
things up; make things move. 
Another point to consider with this example is that students may believe that the force from the hand is still 
in the ball when it is thrown in the air (see Q5 analysis). This will certainly impact on their thinking. 
As bookwork students need to draw annotated force diagrams for the ball at all points of its path. They could 
include air resistance force but this complicates the problem as the air resistance is greatest when the speed 
of the object is at its greatest. 
Alternative Conceptions revealed: 
 A ball thrown vertically does not stop at the top of its path (14/21). 
 An object at rest does not have a gravity force on it (2/21) 
Question 5  
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No one got this question correct (0/21). This is a very common misconception held by students/adults of all 
ages. It needs to be emphasized with the students the difference between the force as an action and the effect 
that it has on the object. Also, the force from the bat is called a contact force. As the name suggest this force 
only operates when the doer and receiver are actually in contact. The effect is to get the ball moving. 
Discuss with the students what forces are on the ball after being hit – air resistance has the effect of slowing 
it down and gravitational pull has the effect of pulling the ball to the ground. Both these forces explain what 
happens to the ball after being hit. 
Alternative Conceptions revealed: 
 Contact forces still apply to an object even though the contact is no longer there. 
 
Question 6 
6/21 of the students used the term friction even though this term wasn’t mentioned at all in the questionnaire. 
These students associate friction with interactions between surfaces resulting in slowing object down. Other 
students used such terms as grip, grab and traction. 
Most students refer to the different surfaces as explanations for the different sliding effects. They use such 
terms as wood surface – smooth, slippery, flat; carpet surface – harder, rough, hooks, bumps, lumpy. 
However, few of the students make the connection between these terms and the ability of the surface to slow 
the box down. Therefore, they don’t fully explain what is going on [although I would imagine that most 
could explain further]. The students need to explain that the rough surface of the carpet on a microscopic 
scale creates lots of hills/bumps that collide with the box surface. These collisions tend to slow the box 
down. 
It should also be recognized that even though the wood appears smooth on a microscopic scale this surface 
also has bumps/hills that tend to slow the box’s motion down. 
Most students drew straight lines to represent the wooden floor and bumps for the carpet. 
Question 7 
The students (20/21) have a good sense of the effect of multiple forces on an object by drawing an arrow in 
the correct direction. 
Question 8. 
There were two parts to this question relating to the direction and size of the force. 9/21 students got the 
correct size of the force and 9/21 students got the correct direction. However, only 7/21 students got the 
correct size and direction. This question is quite sophisticated as it involves more than 2 forces all in 
different directions. A discussion of this question needs to follow teaching about balanced forces in two 
directions (where the object is at rest) and pairs of unbalanced forces (like that shown in question 7). 
Question 9 
None of the students (0/21) have a scientific understanding that gravity is the mutual attraction force between 
any two pieces of matter. 
10/21 of the students associate gravity as a force that pulls objects to the ground. One student extended this 
view of gravity as a pull to the centre of the earth; there is an emphasis on the relationship between gravity 
and downward direction. One student associated gravity with the earth’s magnetic core and another student 
associated gravity with the earth’s atmosphere. 
Many of the students (10/21) refer to gravity as a force, some going further and suggesting it is a pulling 
force. This is a good starting point when discussing gravity – keep in mind the key ideas of doer (earth) 
receiver (ball) action (pull) effect (falling). 
The basic definition of gravity (more correctly, gravitational pull or weight) needs to be established very 
early with the students. All objects with mass (made of matter) are attracted to all other objects with mass. 
The size of the attraction – pull between the objects will depend on the amount of matter (mass) [reinforce 
the view that it is not the size of the object – black holes are very tiny but very much heavier than even our 
own sun – the gravitational pull of black holes is the reason why students are interested in them]and the 
distance between them. This is the reason why we can’t feel a force from someone else because the force 
from earth is very much greater. 
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You might suggest a role play and imagine everyone in the room is out in space and all are large chunks of 
matter. What do the students think will happen next? 
Alternative Conceptions revealed: 
 Gravity is associated with the magnetic core of the Earth or celestial body (Moon, Planets). 
 Gravity is associated with the earth’s atmosphere. 
 Gravity is only associated with very large objects. 
Question 10 
As in the last question no students refers to the basic definition of gravity as attraction between masses. 
However, two students (ci) does refer to the lesser size of the moon. 
There are 5/21 students who believe there is no gravity on the moon. One of the principle reasons is that the 
moon doesn’t have an atmosphere – the reasoning might be that the pressure of the air is not there to hold 
things down. 
Several students gave the evidence that because one (astronauts) don’t float away then the Moon must have 
gravity. 
Once the scientific view of gravity is established then it would naturally follow that there is less gravity on 
the moon than Earth. 
Alternative Conceptions revealed: 
 Gravity is associated with a large object having an atmosphere. (4/21) 
 The moon does not have gravity (6/21) 
Question 11 
Most of the students have the misconception (21/21) that there is no gravity in space. It should be reinforced 
with the students that gravity is not a thing surrounding an object – in facts it is wrong to say that Earth has a 
gravity. Earth applies a force on all objects surrounding it including those objects in space. An object in 
space will be attracted to all other objects. 
A misconception by the students that needs to be resolved in the teaching is that all objects float in space. 
Students believe that objects are somehow stationary above the Earth’s surface. If this was that case then 
certainly these objects would fall to the Earth. Instead objects like space shuttles, satellites, moon are moving 
very fast in orbit. This would be the place to show the Italian Astronomer video – however, point out that the 
astronomer is wrong in saying the ball escapes Earth’s gravity it just means that the ball gets too far away to 
have a slowing effect on the ball. 
Alternative Conceptions revealed: 
 Gravity is associated with an atmosphere. 
 There is no gravity in space. 
 
Question 12 
Most students don’t believe gravity affects the moon because it is outside Earth’s atmosphere. However, 
there were two students who commented that the moon is in orbit. 
Alternative Conceptions revealed: 
 The moon is unaffected by the gravitational pull of the Earth as there is no gravity in space. 
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Question 13 
There are lots of different representations here.  
Incorrect path mainly because the line that was drawn was straight instead of curved (6 students) 
Curve around the earth (3 students) 
No path change (1 students) 
Many are correct and there are representations of the three scenarios: 
 One student showed all possibilities veer, crash and orbit. 
 Crash (4 students) 
 Veer as a slight curve (3 students) as a pronounced curve (4 students) 
 Orbit (1 student) 
 
